Materials and general procedures
All the chemicals are commercial available, and used without further purification. All solvents were dried and distilled according to conventional methods. The IR (KBr pellet) spectra were recorded (400-4000 cm -1 region) on a Nicolet Magna 750 FT-IR spectrometer. Powder X-ray diffraction data (PXRD) were collected on a D8 Advance diffractometer using Cu Kα radiation. The confocal fluorescence microscopy images were obtained on a (Leica)/TCS SP8 STED 3X super-resolution multiphoton confocal microscope (SMCM). Thermogravimetric analyses (TGA) were carried out in an air atmosphere with a heating rate of 10 o C/min on a STA449C integration thermal analyzer. Scanning Electron SEM was conducted on a Sirion 200 (SEM) Field-emission Scanning Electron Microscopy, FEI. 1 H NMR experiments were carried out on a MERCURY plus 400 spectrometer operating at resonance frequencies of 400 MHz. Solid 13 C NMR experiments were carried out on a Bruker Avance III 600 MHz.
The pore-size-distribution curves were calculated from nitrogen adsorption isotherms using non-local density functional theory (NLDFT). Before the adsorption measurement, the samples were activated at 120 o C under vacuum (< 10 -3 torr) for 12 h. ICP-OES was performed on Optima 7300DV ICP-OES (Perkin Elmer Coporation, USA). The 3D-EDT data was obtained on a commercially available FEI Tecnai Transmission Electron Microscope (TEM) operating at an acceleration voltage of 120 kV. The solid-state UV spectra were recorded by using pressed BaSO4 matrix in the range of 200-800 nm at room temperature with a UV/Vis/NIR Spectrometer Lambda 750S
(Perkin Elmer, Inc., USA). Electron paramagnetic resonance (EPR) spectra were recorded at room temperature using a Bruker ESP-300E spectrometer at 9.8 GHz, X-band, with 100 Hz field modulation. Cyclic voltammetry (CV) experiments were carried out using CHI 660E in a three-electrode electrochemical cell with a scan rate of 0.5 V s -1 .
The experiments were conducted in anhydrous acetonitrile with tetrabutylammonium hexafluorophosphate (0.1 M)
as supporting electrolyte. The auxiliary electrode was a platinum wire. The reference electrode was based on the calomel electrode. The working electrode was a glassy carbon electrode. The fluorescent spectra were measured on a LS 55 (Perkin Elmer, USA.).
Synthesis.

Synthesis of the precursors
Tris(4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)amine was synthesized according to the published procedure. [1] Tris(4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-phenyl)amine was synthesized according to the published procedure. [2] Tris(4-bromophenyl)amine (4.8 g, 10 mmol) and 4-formylphenylboronic acid (5.4 g, 36 mmol), K 2 CO 3 (11.0 g, 80 mmol) and Pd(PPh 3 ) 4 (570 mg, 0.5 mmol) in dioxane/H 2 O (19/1 v/v, 200 mL) were degassed for 10 min. The suspension was stirred under N 2 at 100 o C for 48 h. After cooling to room temperature, the mixture was concentrated and then extracted with dichloromethane (DCM). The organic phase was dried over anhydrous Na 2 SO 4 and then concentrated under reduced pressure to remove the solvent. The crude product was purified by silica gel column chromatography (hexanes/DCM (1:2 v/v) to afford 4',4''',4'''''-nitrilotris(([1,1'-biphenyl] 4-carbal-dehyde)) (NBC) (3.6 g, 65 % yield).
1,1,2,2-tetrakis(4-bromophenyl)ethene (6.4 g, 10 mmol) and 4-formylphenyl-boronic acid (6.7 g, 45 mmol), K 3 
Synthesis of cross-dehydrogenative coupling (CDC) reaction substrates.
The mixture of BINAP (5.5 mol %) and Pd 2 (dba) 3 and o-dichlorobenzene (o-DCB) (0.3mL) in a small vial was sonicated for 15 mins. After 0.2 mL aqueous acetic acid (9 M) was added, and the mixture was sonicated to afford a homogeneous dispersion. The solution was transferred into a pyrex tube and degassed by three freeze-pump-thaw cycles. The tube was sealed off and heated at 120 o C for 3 days. The solid was collected by filtration and washed with anhydrous THF and acetone. The powder was dried at 60 º C under vacuum overnight to afford yellow solid (20.8 mg, 70% yield).
3.
General procedure for photocatalysis.
The cross-dehydrogenative coupling (CDC) reaction.
In a flame-dried Schlenk tube, substituted tetrahydroisoquinoline derivatives (0.5 mmol), COF-1/2 (10 mol %) and CH 3 NO 2 (1 mL) were dispersed in 2 mL CH 3 CN. The mixture was stirred under air atmosphere at 40 o C. After irradiation with 440 nm LED for 40 h, the mixture was extracted with ethyl acetate (3 x 30 mL). The combined organic layer was dried over MgSO 4 , and then concentrated under reduced pressure. The crude product was purified by a flash chromatography on silica gel.
Asymmetric α-alkylation of aldehydes.
In a Schlenk tube, COF-1/2 (10 mol %) and the Macmillan catalyst 5 (0.2 eq., 0.0769 mmol) were dissolved in 2 mL DMF. Aldehydes 7 (2 eq., 0.769 mmol), bromo derivatives 8 (1 eq., 0.385 mmol), and 2,6-lutidine (2 eq., 0.769 mmol) were then added. The reaction mixture was carefully degassed, and the vessel was refilled with N 2 . The Schlelk tube was stirred and irradiated with 440 nm LED at -10 o C. After 48-72 h of irradiation, 1 M HCl (2 mL) was added and the mixture was extracted with DCM (3 x 20 mL). The organic layers were dried over Na 2 SO 4 , and concentrated under reduced pressure. Products were purified by column flash chromatography on silica gel using petroleum ether: Et 2 O (10:1) as colourless oil. The enantiomeric excess of the title compounds were determined according to the published procedure. [3, 4] 
Recrystallization of COFs from covalent organic polymers (COPs).
After the photocatalytic reactions, covalent organic polymers (COPs), which COFs lost their crystallinity to give in the α-alkylation of aldehydes, was collected by filtration, washed with DMF and THF for some times, and dried at 60 º C under vacuum overnight.
Recrystallization of COF-1. COP-1 (20 mg), NBC (40 mg), o-dichlorobenzene/ n-butanol (0.9 mL, 1/2 in vol.) and acetic acid (0.2 mL, 6 M) were added to a Pyrex tube. After the sonication for 10 min, the tube was flash frozen at 77 K K (liquid N 2 bath), degassed by three freeze-pump-thaw cycles and sealed off. After heated at 120 o C for 3 days, the crude product was collected by filtration and washed with anhydrous THF and acetone for three times. Further purification of the powder was carried out by Soxhlet extraction in THF for 12 h and dried at 60 º C under vacuum overnight to afford COF-1 as yellow powder (15.6 mg, 78% yield).
Recrystallization of COF-2.
The COP-2 (20 mg), BADA (10 mg), o-dichlorobenzene / n-butanol (0.9 mL, 1/2 in vol.) and acetic acid (0.2 mL, 6 M) were added to a Pyrex tube. The tube was flash frozen at 77 K (liquid N 2 bath), degassed by three freeze-pump-thaw cycles and sealed off. After heated at 120 o C for 3 days, the solid was collected by filtration and washed with anhydrous THF and acetone for three times. Further purification of the powder was carried out by Soxhlet extraction in THF for 12 h and dried at 60 º C under vacuum overnight to afford COF-2 as yellow powder (15.9 mg, 80% yield).
Recycle experiments on CDC reaction.
In a Schlenk tube, 3a (0.5 mmol), CH 3 NO 2 (1 mL) and COF-1/2 (10 mol %) were dissolved in 2 mL CH 3 After recrystallization of COFs from COPs, they were then used for the next runs directly.
Recycle experiments on the asymmetric α-alkylation of aldehydes.
In a Schlenk tube, COF-1/2 (10 mol %) and the Macmillan catalyst 5 (32 mg, 0.1 mmol) were dissolved in 2 mL DMF. 7b (134 mg, 1 mmol), 8a (119 mg, 0.5 mmol), and 2,6-lutidine (107 mg, 1 mmol) were then added. The reaction mixture was carefully degassed via freeze-pump thaw, and the vessel refilled with N 2 . The Schlelk tube was stirred and irradiated with 440 nm LED positioned approximately at -10 o C. After 40 h of irradiation, 1 M HCl (2 mL) was added and the mixture was extracted with DCM (3 x 20 mL). The combined organic layers were dried over Na 2 SO 4 , and concentrated under reduced pressure. Products were purified by column flash chromatography on silica gel. Enantiomeric excess was determined by the integration of the two 1H NMR signals (both doublets) in CDCl 3 at 4.93 ppm and 4.83 ppm arising from the resultant diastereomeric acetals. The recovered COP-1/2 were washed with fresh THF and dried. After recrystallization of COFs from COPs, they were then used for the next runs directly.
The substrates adsorbed COF-1 on the asymmetric α-alkylation of aldehydes.
The activated COF-1 (20 mg) were soaked in a EtOH solution including 7b (0.769 mmol), 8a (0.385 mmol) and
Macmillan catalyst 5 (0.0769 mmol) for 24 h. To remove attachments adsorbed on the surface of COF-1, the resulted samples were washed with hexane. The wet samples were blotted dry with tissue paper. The samples, 2,6-lutidine, and DMF were then added in a Schlenk tube. The reaction mixture was carefully degassed, and the vessel was refilled with N 2 . The Schlenk tube was stirred and irradiated with 440 nm LED at - For COF-1, considering the geometry of the precursors and the connection patterns, only a few topologies (eg.
tbo, pto, ffc, fjh, ptd, ffc etc.) are reasonable according to RCSR. The lattice models (e.g. cell parameters, atomic positions, and total energies) were then fully optimized using DFT method. We have also simulated the structures of COF-1 with non-interpenetrated ffc topology and 2-fold interpenetrated ffc topology ( Figure S8 ). The calculated PXRD pattern of COF-1 with non-interpenetrated ffc topology doesn't match with the experimental one, while the one of COF-1 with 2-fold interpenetrated ffc topology is almost identical to the experimental data (R p = 2.65% and R wp = 3.96%). Fig. S10 N 2 adsorption isotherms and BET surface area plots. The activated COFs (5 mg) were soaked in a THF solution of different dyes (A-D) for 24 h. To remove the dye adsorbed on the surface of COFs, the resulted samples were washed with THF and EtOH thoroughly until the washings became colorless. The wet samples were blotted dry with tissue paper. By carefully adjusting the confocal fluorescence microscopy, we were able to obtain the cross sectional fluorescence images across the crystals, which reflect the local concentration of dyes. Fig. S12 CFM images of COF-2 after incubation with different dyes (A-D), respectively.
Fig. S13 CFM images of COF-1 incubated with dye A by across the crystals in different Z wide position
The activated COF-1 (5 mg) were soaked in a THF solution of dye A for 24 h. To remove the dye adsorbed on the surface of COF-1, the resulted samples were washed with THF and EtOH thoroughly until the washings became colorless. The wet samples were blotted dry with tissue paper. By carefully adjusting the confocal fluorescence microscopy, we were able to obtain the cross sectional fluorescence images across the crystals in different Z wide position, which reflect the spatial arrangement of incubated organic dye A within the COF-1. Dye A and COF-1 after spectral separation can be assigned to red and green fluorescence by confocal fluorescence microscopy (CFM), respectively.
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Fig. S14 FT-IR spectra of COF-1 treated by different dyes (A-C)
The activated COF-1 (5 mg) were soaked in a THF solution of different dyes (A-C) for 24 h. To remove the dye adsorbed of COF-1, the resulted samples were washed with DMF, THF, acetone and diethyl ether for many times.
The wet samples were blotted dry with tissue paper. The difference between the treated samples and COF-1 were determined by the IR spectrometer. The activated COF-1 (5 mg) were soaked in a THF solution of different dyes (A-C) for 24 h. To remove the dye adsorbed of COF-1, the resulted samples were washed with DMF, THF, acetone and diethyl ether for many times.
The wet samples were blotted dry with tissue paper. Then, the samples were hydrolyzed by refluxing in a THF/Con. The wet samples were blotted dry with tissue paper. By carefully adjusting the confocal fluorescence microscopy, we were able to obtain the cross sectional fluorescence images across the crystals, which reflect the local concentration of Macmillan catalyst 5. Macmillan catalyst 5 and COF-1 after spectral separation can be assigned to red and green fluorescence by confocal fluorescence microscopy (CFM), respectively.
General procedure for dye uptake measurements by UV-vis.
The activated COFs (5 mg 
Fig. S29
Proposed mechanism for asymmetric α-alkylation of aldehydes.
Scheme S1. The contrast experiment by TPE and TBPA
